ABSTRACT. The pathogenicity of equine herpesvirus 1 (EHV-1) isolates of Japan were evaluated by using the CBA mouse model. CBA mice were inoculated with eight Japanese EHV-1 strains (89c1, 90c16, 90c18, 97c11, 98c12, 00c19, 01c1 and HH-1) and one British strain (Ab4p). 89c1 caused slight body weight loss and nervous signs in mice at 8 days post infection (dpi). Severe weight loss and nervous signs were observed in mice inoculated with Ab4p at 6 dpi. The other strains did not cause apparent clinical signs. Infectious viruses were recovered from the lungs of all groups at 2 dpi. Histopathological analysis revealed interstitial pneumonia in the lungs of all mice inoculated with EHV-1. Encephalitis or meningoencephalitis was observed in the brains of mice inoculated with 89c1, 90c18, 97c11, 98c12, 01c1 and Ab4p. Japanese EHV-1 strains showed low pathogenicity in CBA mice, whereas the sequential affects of infection are similar to those of the highly pathogenic strain Ab4p. These results suggest that field isolates of EHV-1 have varying degrees of pathogenicity in CBA mice.
, Samy Gomaa Ahmed KASEM 1) , Koji TSUJIMURA 2) , Tomio MATSUMURA 2) , Tokuma YANAI 3) , Tsuyoshi YAMAGUCHI 4) , Kenji OHYA 1, 5) and Hideto FUKUSHI 1, 5) * 1) Department of Applied Veterinary Sciences, United Graduate School of Veterinary Sciences, 3) Laboratories of Veterinary Pathology and 5) Veterinary ABSTRACT. The pathogenicity of equine herpesvirus 1 (EHV-1) isolates of Japan were evaluated by using the CBA mouse model. CBA mice were inoculated with eight Japanese EHV-1 strains (89c1, 90c16, 90c18, 97c11, 98c12, 00c19, 01c1 and HH-1) and one British strain (Ab4p). 89c1 caused slight body weight loss and nervous signs in mice at 8 days post infection (dpi). Severe weight loss and nervous signs were observed in mice inoculated with Ab4p at 6 dpi. The other strains did not cause apparent clinical signs. Infectious viruses were recovered from the lungs of all groups at 2 dpi. Histopathological analysis revealed interstitial pneumonia in the lungs of all mice inoculated with EHV-1. Encephalitis or meningoencephalitis was observed in the brains of mice inoculated with 89c1, 90c18, 97c11, 98c12, 01c1 and Ab4p. Japanese EHV-1 strains showed low pathogenicity in CBA mice, whereas the sequential affects of infection are similar to those of the highly pathogenic strain Ab4p. These results suggest that field isolates of EHV-1 have varying degrees of pathogenicity in CBA mice. Equine herpesvirus 1 (EHV-1) is a major equine pathogen associated with epidemics of abortion, respiratory tract disease, and disorders of the central nervous system worldwide [4, 6, 13] . Although attenuated live and inactivated vaccines have been available, outbreaks of equine herpesvirus myeloencephalopathy (EHM) were found to be increasing in horses in Europe and the United States in a recent study [5] . In Japan, an outbreak of EHM associated with epizootic respiratory infection occurred in racehorses at the Ritto Training Center in 1989 [12] and an outbreak of EHM associated with epizootic abortions occurred in Hokkaido in 2001 (our unpublished data). In view of the increase of EHM in Europe and U.S.A., more occurrences of EHM seem likely in Japan. EHM causes vasculitis and thrombosis in the central nervous system but rarely causes degeneration of neurons. On the other hand, other herpesviruses including herpes simplex virus 1 and pseudorabies virus cause degeneration of neuronal cells. Therefore the pathogenesis of EHV-1 appears to differ from that of other herpesviruses.
Experimental work with horses is expensive and labor intensive. Therefore, an experimental animal model has been sought to evaluate the in vivo properties EHV-1 for antiviral drug and vaccine development. Early models used suckling mice [14, 16] and hamsters [17, 22] which were inoculated by intracerebral and intraperitoneal inoculation. Subsequently, a respiratory disease which mimicked many features of EHV-1 infection in the horse was found in mice that were intranasally inoculated with EHV-1 under general anesthesia [2, 20] . We previously showed that hamsters intranasally inoculated with EHV-1 showed neurological symptoms adding with pneumonia [15] . A problem with the hamster model is that the histopathology of EHV-1 encephalitis is different from that in horses, although EHV-1 pneumonia in hamsters is histopathologically the same as that in horses.
The mouse model has been considered to be suitable for investigation of virological and histopathological aspects of EHV-1-induced disease in the horse [21] . Various strains of mice are susceptible to EHV-1 infection. BALB/c mice have most commonly been used, as other strains of mice were found to be less receptive to infection [2, 20] . However, C3H (H-2k) mice were found to show more pronounced immune responses to EHV-1 infection than BALB/ c mice [1] . BALB/c mice infected late in pregnancy aborted or gave birth to moribund young [3] , giving rise to an abortion model of EHV-1 infection. CBA mice have been used as a model for the study of neuropathogenicity of EHV-1 KgI/gE/75 strain [7] . Smith et al. [18] reported that CBA mice were more susceptible to EHV-1-mediated disease than BALB/c when using KyA, KyARgp2F and RacL11 strains. However, all of these studies used a limited number of EHV-1 strains. So far, there have been no studies using CBA mice and Japanese EHV-1 strains, whose genome sequences are phylogenetically different from those of the Ab4p and Kentucky A strains (our unpublished data). Here we compared the pathogenicity of Japanese EHV-1 strains and a British Ab4p strain in CBA mice.
MATERIALS AND METHODS
Viruses and cell cultures: EHV-1 strains examined were 89c1, 90c16, 90c18, 97c11, 98c12, 00c19, 01c1 and HH-1, and British strain Ab4p (Table 1) . Four strains (90c16, 00c19, 97c11 and 89c1) were isolated from the horses with respiratory infection, 01c1 was from the horse showing neurological disorders and two strains (90c18, 98c12) were isolated from the aborted fetus [15] . HH-1 strain was also isolated from aborted fetus in Japan [11] , which strain was kindly provided by Dr. R. Kirisawa (Rakuno Gakuen University, Japan). Ab4p strain [8] was kindly provided by Dr. A. J. Davison (University of Glasgow, Scotland). All the viruses were propagated in fetal equine kidney (FEK) cells and titrated in Madin-Darby bovine kidney (MDBK) cells as described previously [10] .
Experimental infection and histopathology: To investigate the pathogenicity and virulence of EHV-1, four-weekold specific pathogenic free female CBA/NSlc (SLC Inc., Hamamatsu, Japan) were used. Food and water were freely available to the mice throughout the experiment. Mice were observed for 3 days before inoculation. All experiments were conducted under the guidelines for animal experiments at Gifu University with approval by the Committee of Animal Care and Welfare, Faculty of Applied Biological Science, Gifu University. Mice were divided into 6 animals per l of Eagle's minimum essential medium (MEM). Body weights of individual animals and clinical signs were recorded daily. On 2 and 10 days post inoculation (dpi), three mice from each group were euthanized to collect the lungs and brains. Tissues from two mice of each group were used for virus isolation and those from one mouse of each group were used for histopathological analysis.
Statistical analysis: Body weights data was tested using one-way analysis of variance (Package super-ANOVA, ver. 1.11, Abacus Concepts, Berkeley, CA, U.S.A.). Significant differences between the groups (P<0.05) were evaluated by Turkey Kramer test (Package super-ANOVA, Abacus Concepts).
RESULTS
Mice inoculated with 89c1 showed slight body weight loss and clinical signs including arching of back, ruffled fur and hypersensitivity at 8 and 9 dpi and then recovered (Fig.  1) . 89c1 inoculated mice lost weight significantly (P<0.05) among the groups of control, 90c16, 90c18 and 98c12 at 9 dpi, but they did not show significant different weight loss among the groups of 97c11, 00c19, 01c1 and HH-1. Mice inoculated with the other Japanese strains of EHV-1 showed neither weight loss nor apparent clinical signs. On the other hand, mice inoculated with Ab4p started to show significant weight loss (P<0.05) among the other groups and clinical signs from 6 dpi to the end of the experiment. These mice died at 9 and 10 dpi.
Virus replication in the lungs and brain was confirmed by virus re-isolation from these tissues. Viruses were re-isolated from the lungs of mice in all groups except the control # Based on our previous report [15] . at 2 dpi (Table 2) . At 2 dpi, viruses were recovered from the brains of only HH-1-and Ab4p-inoculated mice. At 10 dpi, viruses were not recovered from the lungs of mice in any of the groups but viruses were re-isolated from the brains of mice infected with 01c1 and Ab4p.
Interstitial pneumonia with infiltration of lymphocytes was observed in all the lungs collected at 2 and 10 dpi from the mice of all virus-infected groups (Fig. 2, Table 3 ). No prominent lesions were found in the brains of any of the mice in any of the groups at 2 dpi. However, encephalitis associated with neuron degeneration and perivascular cuffing or meningoencephalitis was found in the brains of mice inoculated with 89c1, 90c18, 97c11, 98c12, 01c1 and Ab4p at 10 dpi (Fig. 3, Table 3 ).
DISCUSSION
The pathogenicity of EHV-1 strains isolated in Japan in CBA mice varied among the isolates. In the present study, the virus titer that we used was sufficient to cause clinical signs in mice because clinical signs were observed in the mice groups inoculated with Ab4p and 89c1. Other researcher reported that mice infected with EHV-1 showed clinical signs only when high titers were used [20] . The Ab4p or the parent AB4 and Kentucky A strains have been used by other researchers as a model of EHV-1. Our results show that Ab4p is much more virulent than the Japanese strains used in the present study. The Ab4p strain should be regarded as a peculiar strain among EHV-1 strains. Pathogenicity of ordinary isolates of EHV-1 should be evaluated in order to resolve the pathogenic mechanism of EHV-1 as reported in the present study.
The effects of Japanese EHV-1 on body weight in mice may have correlated with the pathogenicity of them in horse.
Other researchers suggested that analysis on the effect of body weight changes in mice following infection with EHV-1 showed good and reliable correlation with the pathogenicity of EHV-1 strains in horse [20] . In this study, the effects of Ab4p and 89c1 on body weight were correlated with clinical symptoms. The Ab4p-and 89c1-infected mice were the most affected and the other Japanese EHV-1 strains have low pathogenicity to CBA mice. The results suggested that EHV-1 used in the present study except Ab4p and 89c1 might have low pathogenicity in horse. All EHV-1 strains examined caused interstitial pneumonic lung lesions in mice at 2 and 10 dpi. Although four Japanese strains (90c18, 97c11, 98c12 and 01c1) caused brain lesions, they did not cause any nervous signs. This suggests that EHV-1 neurological disorders are not directly caused by viral infection of neurons, as was previously reported [23] . The correlations among viral load in lung, body weight loss and lesions suggest that the CBA mouse model using nasal inoculation is suitable for studying the pathogenicity of EHV-1 strains.
Gosztonyi et al. [9] reported that EHV-1 behaved neurotropic in CNS of mice in contrasted with in horse. In the present study, vasculitis with perivascular mononuclear cuffing found in the brain of mice infected with 89c1, 90c18, 97c11, 98c12, 01c1, or Ab4p was consistent with the lesion found in the brain of natural EHV-1 infected horse from the outbreak of neurological disease [17] . However, EHV-1 antigen found only in the neuronal cells of the brains of 98c12-and Ab4p-infected mice by immunohistochemical was consistent with the result of Gosztonyi et al. (data not show). These results suggest that EHV-1 induced neuropathogenesis in the brain of mice might be a little difference with the natural infection in horse.
EHM has occurred in 1989 and 2001 in Japan. The case of 01c1 in 2001 was an outbreak involving several horses (unpublished data). No outbreaks of EHM like those reported in other countries including the U.S.A. and UK have been reported in Japan. These data indicate that Japanese EHV-1 strains have weak neurological pathogenicity in horse. The present results showing that most of the Japanese horse EHV-1 isolates have low neuropathogenicity in CBA mice might support this hypothesis. In conclusion, the pathogenicity of EHV-1 strains isolated in Japan was diverse.
